Abstract: This paper estimates the environment external costs duo to air pollutants via the impacts pathway approach used for ExternE project in the major cities in China over the period [2003][2004][2005][2006]. The estimation results show that the external costs were US$ 20.15 billion in 2006, representing 2.28 percent of GDP (gross domestic product). This means that China suffered a lot for the air pollutants with the development of the economy. In the composition of external costs, damages to human health are the effects that generate the major part of externalities associated with air pollutants in these cities. The trend of external costs representing GDP in the sum of major cities was declining from 2003 to 2006, though the group in risk and agricultural products was increasing. Based on these finding, effective environmental policies and plans for economic development in these cities should focus not only on the volume of pollutants emission of SO 2 and PM 10 , but also take other impact factors into account.
Introduction
The production and application of technologies, for example for energy consumption, causes considerable damages to human health and on the natural and social environment (e.g. crops, forests, water resources, natural ecosystems, buildings, historical monuments, etc.). These impacts induce costs on society, which are called external costs or externalities.
An external cost which is related to social welfare and to the economy arises when the social or economic activities of one group of persons have an impact on another group and when that impact is not fully accounted, or compensated for, by the first group (European Commission, 2003) . For example, a power station that generates emissions of SO 2 , causing damages on building materials or to human health, imposes an external cost. This is because the impact on the owners of the buildings or on those who suffer damages to their health is not taken into account by the generator of pollutants when deciding on the activities causing the damages.
It is important to value external costs in order for those values to be included in the design of policies to correct for the present lack of such property rights and markets. The estimation of the several types of externalities and the attribution of monetary values to a number of non-tradable goods such as human health, ecosystems, biodiversity, human amenity, etc., has been the subject of substantial effort for many years resulting in the development of a number of techniques based on welfare economic theories, namely Travel Cost Approach, Contingent Valuation method, Hedonic Pricing Approach, etc (Pearce and Turner, 1990; Freeman, 2003; Navrud, 2004) . Contingent valuation is a survey method in which respondents are asked to state their preferences in hypothetical or contingent markets, allowing analysts to estimate demands for goods or services that are not traded in markets. The literature on the contingent valuation method's advantages and disadvantages is large (Mitchel and Carson, 1989; Bateman et al., 2002) . A key problem to resolve in a contingent valuation study is to make the scenario sufficiently understandable, clear and meaningful to the respondent, who must understand clearly the changes in characteristics of the good or service he or she is being asked to value. Hedonic price analysis refers to the estimation of implicit prices for individual attributes of a market commodity when an environmental good or service can be viewed as attributes of a market commodity, such as properties or wages. Thus, just as wages are higher in risky occupations to compensate workers for their increased risks, property values may be lower in polluted areas to compensate residents for their increased risks. The property market is then used to infer the willingness to pay to reduce risks or disutility, through a hedonic price function. The implementation of most of these approaches requires significant human and economic resources, and the results obtained are to a large extent site-specific. Toward this, since the early 1990s, significant progress has been made through the utilization of results from various fields, namely environmental economics, epidemiology agronomy, etc. (Mirasgedis et al., 2008) .
The ExternE project, initiated in 1992 and funded by the European Commission, was one of the first attempts aimed at establishing a consistent accounting framework for the assessment of externalities associated with various airborne pollution emission (European Commission, 2005; Carbonell et al., 2007; Rabl and Holland, 2008; Mirasgedis et al., 2008) . This accounting idea is firstly to measure the damages to society which are not paid for by its main actors; secondly, to translate these damages into a monetary value; and thirdly, to explore how these external costs could be charged to the producers and consumers. Indeed, if the market takes into consideration the private costs, policy-makers should try to take into account the external costs (European Commission, 2003) .
The methodology of ExternE project is based on a detailed bottom-up impact pathway approach. It was first implemented in the power generation sector in order to estimate the external costs associated with the electricity plant (European Commission, 1999) . Now, the ExternE methodology is widely accepted by the scientific community and is considered as the world reference in the field (European Commission, 2005) . Mirasgedis et al. (2008) applied this methodology to estimate the external costs attributable to the atmospheric pollution from 'medium and high environmental burden' industrial activities located in the greater Athens area. Gulli (2006) compared centralized and decentralized models of gas-fired power generations in terms of environmental external costs which calculated by the methodology of ExternE. In addition, a similar bottom-up methodology was also applied to estimate the environmental externalities caused by SO 2 and O 3 emitted from industrial and transport activities in Madrid (Lechon et al., 2002) and to evaluate the environmental performance of some specific industrial project in Taiyuan City in China (Mestl et al., 2005) .
With a development of high speed in recent years, China has become one of the fastest economic growing countries in the world with the annual increases in GDP of 8 to 9 percent, but at the same time, China is also facing the worsening problem of pollution. Although the continued rapid growth is feasible, the growth demands and the environmental pressures it brings have raised grave concerns about the long-term sustainability and hidden costs of growth. Many of these concerns are associated with the impact of air and water pollution. Interest in the environment external costs research in China appears to have been shown up, with much of this attention focused on environmental damage costs from fossil electricity generation (Zhang et al., 2007) , costs of air and water pollution estimates of physical damages in China during 2001 -2005 (The World Bank, 2007 , and case studies about environment damages in some cities (Wu et al.,2005; Mestl et al., 2005; Sun and Yang, 2007 ) . These studies calculated environment external costs of China, industrial installations or a city, but seldom concerned about various cities and compared them.
Most of present studies have focused on external costs due to the pollution emissions of industries in one country or one area in one year, such as electricity plants, industrial sectors, and technologies. These studies contribute to solve a number of sustainability problems, but they fail to capture a series of potentially interesting features of dynamics of the external costs in a period in the comparisons of a number of areas. And the fact that the environment policy makers of government are concerned about is the damage costs of all the pollutants in one area, and the factors that cause the high concentration of air pollutants. It is highly desirable to subject proposed environmental strategies to a cost-benefit analysis to help avoid costly mistakes and ensure that our scarce resources are spent wisely.
This research highlights the environment external costs in the major cities in China, and examines the dynamics and geographical distribution features of external costs duo to SO 2 and PM 10 over the period [2003] [2004] [2005] [2006] in each sample city which are valuable for effective environment policy making and the estimation of investment projects. This paper is organized as follows. Section 2 presents the analytical approach of the external cost evaluation model and the data investigation about the major cities in China, and Section 3 describes the sample and the empirical findings. Finally, conclusions are provided in Section 4.
Methodological background and data investigation

Approaches used for ExternE project
The ExternE project uses the 'impact pathway approach (IPA)' for the assessment of the external impacts and associated costs resulting from the airborne emission (European Commission, 2005) . The analysis proceeds sequentially through the pathway, as shown in Figure 1 . Emissions and other types of burdens such as the risk of accidents are quantified and followed through to impact assessment and valuation. IPA thus provides a logical and transparent way of quantifying external costs.
As illustrated in Figure 1 , the principal steps of an IPA can be grouped as follows: 1 emission: specification of the relevant technologies and pollutants, for example, kg of oxides of particulates per GWh emitted by a power plant at a specific site 2 dispersion: calculation of increased pollutant concentrations in all affected regions, for example, incremental concentration of particulates, using models of atmospheric dispersion and chemistry for particulates formation 3 impact: calculation of the dose from the increased concentration, followed by Source (specification of site and technology) =>emission (e.g., kg/yr of particulates) Dispersion (e.g., atmospheric dispersion model) =>increase in concentration at receptor sites (e g μg/m 3 of PM ) Dose-response function (or concentration-response function) =>impact (e.g., case of asthma due to ambient concentration of particulates)
Monetary valuation =>cost (e.g., cost of asthma)
Figure 1
The principal steps of an impacts pathway analysis, for the example of air pollution calculation of impacts (damage in physical units) from this dose, using a dose-response function, for example, cases of asthma due to this increase in particulates 4 cost: economic valuation of these impacts, for example, multiplication by the cost of a case of asthma. The impacts and costs are summed up over all receptors of concern. The work involves a multidisciplinary system analysis, with inputs from engineers, dispersion modelers, epidemiologists, ecologists and economists. For some burdens, for example, visual intrusion, the passage from burden to cost is more direct, without intermediate steps. The result of an IPA is the damage cost per burden. If the results are for a specific source of the burden, that should be indicated. IPA is the logically correct approach, but the details of the implementation differ between different studies (Rabl and Holland, 2008) .
Quantification of impacts and damages due to PM 10
The impacts and damages due to PM 10 are mainly on human health, included asthma attacks, hospital admissions, chronic bronchitis, restricted activity days, etc. The general approach to estimate the effects of PM 10 on morbidity and mortality uses the relative risk found in epidemiological studies, expressed as % change in µg/m 3 . Results then expressed as estimated new or "extra" cases, events or days per year attributed to PM 10 . In the context of present analysis the exposure-response functions proposed by the ExternE project (European Commission, 2005) have been used. But these functions were created by and for developed countries and their applications are limited for developing countries due to the complementary studies and large data requirements needed to estimate the impacts. Nevertheless, some data can be transferred from EeternE Project and other can be calculated or estimated by indirect ways, when no local data is available or the information is incomplete (Carbonell et al., 2007) . In this research, we apply these dose-response functions and use Chinese Value per unit to replace European. The value per unit of Years of life lost due to chronic exposure is 50,000 European dollars, which is derived from an annual payment made over a ten-year period (European Commission, 2005) . We use the annual payment in the major cities in China to replace the payment in European. 
Quantification of impacts and damages due to SO 2
Impacts and damages due to SO 2 are primary on agriculture and materials. The function for effects from SO 2 on agriculture, recommended in ExternE project is adapted from one derived by Baker et al. (1986) . The function assumes that yield will increase with SO 2 from 0 to 6.8 ppb, and decline thereafter. The function is used to quantify changes in crop yield for wheat, barley, potato, sugar beet, and oats, etc (see Table 2 ). The concentration-response functions used for impact assessment and recommended for ExternE (Friedrich and Bickel, 2001 ) are listed in Table 3 for different building materials. Apart from the concentration-response functions for carbonate paint (Haynie,1986) , all are based on results from the UN_ECE ICP Materials (Kucera, Pearce and Brodin, 1997) . 
Data collection
Using the approach developed above, we calculate environment external costs and analyze the policy applications in 30 major cities in China that includes Beijing, Shanghai, Tianjin, Chongqing, Wuhan, etc. We collected the data of the ambient concentrations of SO 2 and PM 10 , the amount of risk group, the unit damage cost of mortality and morbidity, the price of crop and material, and the temperature, the precipitation, and the hydrogenation in each major city. The data for this study was drawn from three sources, namely, China Statistical Yearbook (2004 ), China Health Statistical Yearbook (2004 and China Environment Statistical Yearbook (2004 .
The pivotal data about SO 2 and PM 10 are shown in Table 4 . For the data limited, we can only collect the ambient concentration of SO 2 and PM 10 in each major city for the period 2003-2006. 
Applications and results
The methodological framework described previously was implemented in 30 major cities based on the collected data. We can elicit the value of environment external costs and other findings as follows.
Disaggregation of the total external costs estimates attributed to the air pollutants
To prioritize different possible actions, one needs to know which source of pollution causes how much damage (Rabl et al., 2007) . Table 5 and Figure 2 show the annual statistics on the environment external costs for the 30 major cities as a whole included in this study. 
GDP and external costs in 30 major cities
In recent decades, the major cities have achieved rapid economic growth. In 2006, the average increase in GDP was 15.56%. Alongside economic growth, the utilization of technology improvements and the implementation of environmental pollution control policies have contributed substantially to leveling off or even reducing pollution loads in the major cities. At the same time, new challenges have been created (The World Bank, 2007) . With the urban population increasing, the risk group facing environment pollutants are ascending. More building materials are being affected by the SO 2 . Moreover, between 2003 and 2006, air pollution emissions had remained constant or increased in some cities. Study on the relationship between the economic growth and environment costs provides relevant and valuable information of hidden costs of growth and the development of sustainability.
We used the ratio of external costs to GDP (RECGDP) as the measure of the sustainability of economic growth in each city. The value of RECGDP indicates the proportion of the income is offset by air pollutants, as shown in Table 6 
Table 6
The value of RECGDP (external costs/GDP, %) in major cities in China It is important and valuable to examine the geographical distribution features of external costs in these cities. For the sample size N is 30, we group them by the method of the interval grouping. In terms of the sample size and research issue (Spiegel and Stephens, 1999 .; Frankfort-Nachmias and Leon-Guerrero, 2008), we divide them into 5 groups by the variable of the average of RECGDP. The range of data is 8.4% and the class interval is 1.608%. The grouping result was marked in the map, as shown in Figure 3 .
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Figure 3
The map of groups of these cities in China due to RECGDP (see online version for colours) Group I 0.53%≤RECGDP<2.138%. This group consists of Fuzhou, Haikou, Guangzhou, Hangzhou, Shanghai and Changchun. The 6 cities where the RECGDP is all below 2.138% locate near the sea. Most of them had lower ambient concentrations of SO 2 and PM 10 , especially Haikou, Fuzhou and Changchun. And per capital GDP of Shanghai and Guangzhou was highest among all the cities in 2006. Hangzhou had the 4 th highest per capital GDP. The reasons presented above resulted in the low RECGDP in the 6 cities. Group II 2.138%≤RECGDP<3.746%. Among this group, the external costs represent less than 3.746% of the GDP. It consists of 15 cities, including Beijing, Chongqing, Nanjing, Shijiazhuang etc, and most of them lie in the Middle and West-South China. This is a biggest group. The concentrations of SO 2 or PM 10 were low in some cities with low per capita GDP, such as Nanchang, Hefei, and Kunming. And the per capita GDP in some cities with serious pollution were much higher, such as Beijing, Chengdu, Tianjin and Changsha. Group III 3.746%≤RECGDP<5.354%. There are 3 cities in Group III, respectively Wuhan, Guiyang and Shenyang. Figure 4 shows geographical differences in RECGDP of 30 cities. Group V and Group IV which have low sustainability all lie in Western and Central China. The cities in Group I locate near the sea have much more sustainability than others in Group V and Group IV that lie in Central China and Western China. It indicates that the geographical distribution is an important factor that affected RECGDP.
Marginal external costs of SO 2 and PM 10 due to industry
In recent years, SO 2 and PM 10 emissions from industrial processes have represented preponderance in China. Volume of SO 2 emission by industry was 22.35 billion tons in 2006, represented 86.33% of the total SO 2 emission. At the same time, the volume of industrial soot emission from industry amounted for 79.39% of total soot emission. Industrial activities were the major pollutants resources.
In different cities, the same volume of air pollutants emission contributed to industry leads to different environment external costs. In order to control the pollutants with effective and an economical strategy, we should analyze the External Costs per Ton of Pollutants (ECTP) and Marginal External Costs of Pollutants (MECP) in each city. ECTP means the external costs caused by per ton of pollutants. MECP is the change in the external costs that arise when the quantity of pollutants changes by one unit. With the external costs increasing in 30 cities, we should take measures to deal with the pollutants. As shown in Table 7 , each city has different ECTP and MECP. It shows that the reduction in per ton air pollutants (e.g. PM 10 , SO 2 ) will change different external costs in each city. Supposing the costs of per ton of air pollutants removed are equal in each city, an optimal air pollutants control strategy can be proposed based ECTP and MECP. Figure 4 and Figure5 show the scatter graph of MECP and ECTP about SO 2 and PM 10 . MECP is x-axis, and ECTP is y-axis. Generally, we need to pay more attention to the cities that have the high ECTP because per ton pollutants will cause the high external costs. The government will finance the application of the new technology to reduce the pollutants emissions in these cities. But sometimes emission reduction would not make the external costs decrease. As Table 7 and Figure 4 show, some cities has positive MECP that means external costs would reduce with the decreasing in pollutants emissions. It is effective to invest or apply new technology to reduce pollutants emissions from industrial installations in these cities, such in Shanghai, Guangzhou, Nanchang, Kunming, Jinan. This pollution treatment would be economic for the whole perspective. But some cities have negative MECP, such as Beijing, Haerbin,Wuhan, etc. It indicates that the external costs would not descend with the decrease of pollutants emissions, so there are some other factors that significantly influence the air pollutants dispersing, such as temperature, precipitation, relative humidity, urban building features, etc. To control the air pollution in these cities, we should take various measures based on these factors to mitigate the concentration of air pollutants, or redesign the development plan of city according to these factors.
Conclusions
In this research, the IPA method for estimating the environmental externalities associated with air pollutants has been applied in the major cities in China. Attributing monetary values to assess the external costs of the primary air pollutants-SO 2 and PM 10 by the methodology of ExternE Project, we calculate and analyze the external costs in 30 cities over the period [2003] [2004] [2005] [2006] .
The examined results clearly show that external costs associated with air pollutants are very large and amount to US$ 20.15 billion, representing 2.28% of the GDP in the sum of 30 cities. These externalities are associated mainly with human mortality and morbidity primarily due to PM 10 emissions, and agriculture loss and materials loss due to SO 2 emissions. Nevertheless, the trend of external costs representing GDP in the sum of 30 cities was declining from 2003 to 2006, though the risk groups and agriculture products were increasing. It appears that external costs representing GDP in the cities that lie in Eastern China was less than in Central China, less than Western China or Western-south China.
The estimation of external costs benefits the process of effective air pollution regulations (Matus et al., 2008) . Based on these findings, effective environmental policies and plans for industrial development in these cities should not only focus on the volume of pollutants emission of SO 2 and PM 10 , but also take other impact factors into account.
Although analysis of external costs must be used with caution, and not as the only criterion for a decision, it does provide a valuable framework to help clarify the external costs contributed to economic development and effective environment policy making.
